Introduction
============

Breast cancer is a highly histological heterogeneous disease comprised of several biologically different phenotypes ([@b1-ol-0-0-6959]). One of these subtypes, triple-negative breast cancer (TNBC), is defined by the lack of expression of estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) in the tumor specimen, and comprises 10--20% of all diagnosed breast cancer cases ([@b2-ol-0-0-6959],[@b3-ol-0-0-6959]). Patients diagnosed with TNBC normally have a younger age, higher grade and higher rate of cellular tumor antigen p53 (p53) mutation when compared with those of other breast cancer subtypes ([@b4-ol-0-0-6959]). Furthermore, due to the lack of hormone receptor and HER2 targets, patients with TNBC do not have access to targeted therapy or adjuvant endocrine treatment. Thus, they have a higher incidence of early local recurrence or distant organ metastases ([@b5-ol-0-0-6959]). Therefore, novel methods to improve the prognosis of TNBC are urgently required.

According to the cancer stem cell hypothesis ([@b6-ol-0-0-6959]), cancer stem cells are considered as the source of malignancy, invasion and metastasis. In preclinical study, the cancer stem cell subpopulation is defined by two key characteristics, namely, self-renewal and multi-directional differentiation ([@b7-ol-0-0-6959]). A previous study by Al-hajj *et al* demonstrated that as few as 100 epithelial-specific antigen (ESA^+^)/lineage (Lin^−^)/cluster of differentiation (CD)44^+^/CD24^−^ breast cancer cells were able to serially reproduce tumors when transplanted into immunodeficient mice, whereas 200-fold more cells without these surface markers did not possess tumorigenic potential; i.e., these breast cancer stem cells had properties of self-renewal and longevity ([@b8-ol-0-0-6959]). In addition, the key cell surface markers that can isolate the cancer stem cell subpopulation are CD44^+^/CD24^−^, aldehyde dehydrogenase 1 (ALDH1) ([@b9-ol-0-0-6959]), ESA^+^, Lin^−^, bromodeoxyuridine ([@b10-ol-0-0-6959]) and side-population cell labeling ([@b11-ol-0-0-6959]). More recently, breast cancer stem cells have been isolated primarily by cell surface markers of CD44^+^/CD24^−^ and ALDH1^+^ ([@b12-ol-0-0-6959]).

Previous findings have shown that the cancer stem cell markers CD44^+^/CD24^−^ and ALDH1^+^ are more enriched in TNBC tumor tissues compared with those in other breast cancer subtypes, including luminal A, luminal B and HER2-enriched ([@b13-ol-0-0-6959],[@b14-ol-0-0-6959]). However, the study of the role of cancer stem cells with regard to the survival of patients with TNBC remains inadequate. In the present study, the distribution of CD44/CD24 and ALDH1 expression was detected using double-staining or single-staining immunohistochemistry, and the clinical outcomes of different CD44/CD24 phenotypes and ALDH1 expression, as well as other clinical characteristics, were analyzed in patients with TNBC.

Patients and methods
====================

### Patients and tissue specimens

A cohort of 1,036 female patients with breast cancer who received breast surgery between Feb 2004 and December 2008 in the Cancer Hospital of Harbin Medical University (Harbin, China) were studied, and 145 eligible patients with TNBC were identified. Patients were aged between 28 and 76 years (median age, 50 years) at enrollment. Immunohistochemistry (ER \<1%, PR \<1% and HER2 \<10%) of breast tumors was not positive by re-staining. Patients were excluded from this cohort if they had undergone radiotherapy, chemotherapy, targeted therapy or adjuvant endocrine treatment prior to surgery. Patients were also excluded if the histological specimens could not be collected or if they had not undergone active follow-up. In addition, the patients who had developed distant organ metastases or T4 tumors prior to surgery were not included in the present study. Consequently, the final study cohort consisted of 145 patients with stage I-Шa TNBC. For pathological staging, the Tumor-Node-Metastasis staging system in the seventh edition of the American Joint Committee on Cancer was used ([@b15-ol-0-0-6959]).

Detailed clinical data of patients were collected from hospital registries and medical records. Information about age at diagnosis (\<40, 40--49, 50--59 and ≥60 years), menopausal status (premenopausal or postmenopausal), tumor size (\<2, 2--5 and \>5 cm), the number of lymph nodes involved (0, 1--3 and ≥4), pathology (intraductal carcinoma, invasive ductal carcinoma, invasive lobular carcinoma and other types), radiotherapy (yes or no), chemotherapy \[no chemotherapy, derivative regimens of cyclophosphamide, adriamycin and fluorouracil (CAF), such as CAF, cyclophosphamide, epirubicin and fluorouracil (CEF), cyclophosphamide, pirarubicin and fluorouracil (CTF), or ifosfamide, epirubicin and fluorouracil (IEF), regimens including taxanes, such as paclitaxel or docetaxel and epirubicin (TE), docetaxel and cyclophosphamide (TC), or docetaxel, adriamycin and cyclophosphamide (TAC), and other regimens\], dates of recurrences or metastases and dates of mortality were collected. Disease-free survival (DFS) was defined as the duration from the date of diagnosis to the appearance of a regional recurrence or distant metastasis. Overall survival (OS) was defined as the time from the date of diagnosis to the mortality of the patient. The current study was approved by the Harbin Medical University Medical Ethics Committee and has therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. All patients provided written informed consent prior to inclusion in the study.

The suitable formalin-fixed, paraffin-embedded tissues of invasive tumors were consecutively retrieved from the Laboratory of Pathology, and 4-µm sections were cut and used for immunohistochemical staining of Ki-67, p53, androgen receptor (AR), vimentin, breast cancer susceptibility gene 1 (BRCA1), cytokeratin5/6 (CK5/6), epidermal growth factor receptor (EGFR), ALDH1, CD44 and CD24.

### Immunohistochemical staining

Expression of Ki-67, p53, AR, vimentin, BRCA1, CK5/6, EGFR and ALDH1 was measured by immunohistochemical staining in formalin-fixed paraffin tissue sections using methods described previously ([@b16-ol-0-0-6959],[@b17-ol-0-0-6959]). Sections were dewaxed in xylene, rehydrated through a graded ethanol series and rinsed in distilled water. Antigen retrieval was achieved by placing the glass slides in citrate (pH 6.0; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) or EDTA buffer (pH 9.0; Sigma-Aldrich; Merck KGaA) for 2 min under high pressure. Sections (4-µm) were stained with the following antibodies obtained from Abcam (Cambridge, UK): anti-Ki-67 (rabbit; polyclonal; catalog no., ab15580; dilution, 1:50), anti-p53 (rabbit; monoclonal; catalog no., ab179477; dilution, 1:400), anti-AR (rabbit; polyclonal; catalog no., ab74272; dilution, 1:50), anti-vimentin (mouse; monoclonal; catalog no., ab8978; dilution, 1:150), anti-BRCA1 (mouse; monoclonal; catalog no., ab16780; dilution, 1:150), anti-CK5/6 (mouse; monoclonal; catalog no., ab17133; dilution, 1:200), anti-EGFR (rabbit; polyclonal; catalog no., ab2430; dilution, 1:25) and anti-ALDH1 (rabbit; monoclonal; catalog no. ab52492; dilution, 1:250). The positive and negative controls were designed in each staining experiment.

Double-staining immunohistochemistry with antibodies for CD44 and CD24 was performed on all cases. The antibodies used were anti-CD24 mouse antibody (monoclonal; catalog no., ab31622; dilution, 1:500; Abcam) and anti-CD44 rabbit antibody (monoclonal; catalog no., ab51037; dilution, 1:100; Abcam). Antigen retrieval was performed under high pressure, and endogenous peroxidase vitality was blocked by incubating the glass slides according to the manufacturer\'s protocol. Following primary antibody application, the slides were incubated with MultiVision Polymer Cocktail (anti-rabbit/alkaline phosphatase and anti-mouse/horseradish peroxidase; Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China). CD44 was detected with Nitro-Blue-Tetrazolium working solutions and visualized as a brown stain, whereas CD24 was detected with 3-amino-9-ethylcarbozole and identified as a red stain. Sections were counterstained with hematoxylin, followed by mounting with aqueous ClearMount. A negative control of the primary antibody replaced by Tris phosphate-buffered saline and a positive control of a known CD24^+^/CD44^+^ tissue slice were used in each staining experiment.

### Evaluation of staining

Staining results were assessed by two pathologists to determine the immunohistochemistry score independently. An average was used for any discrepant staining between cores from the same patient. Cytoplasmic staining for ALDH1 was graded as 0 if ≤10% of the cells were stained, 1+ when 10--25% of the cells were stained, 2+ when 26--50% of the cells were stained and 3+ when \>50% of the cells were stained. Staining sections were visualized using an Axiophot microscope (Carl Zeiss AG, Oberkochen, Germany; magnification, ×400). Five fields of view were randomly selected for immunohistochemical scoring. The expression of Ki-67, p53, AR, vimentin, BRCA1, CK5/6 and EGFR were evaluated as previously described ([@b17-ol-0-0-6959]--[@b21-ol-0-0-6959]). CD44 was identified as brown mainly in the membranous staining and CD24 was identified as red mainly in the cytoplasmic and membranous staining. The frequencies of CD44^+^/CD24^−^ tumor cells were determined as the percentage of cells with brown color staining without much interference from red coloration, whereas CD44^−^/CD24^+^ tumor cells were characterized as the cells with intense red staining with absence of brown coloration. CD44^+^/CD24^+^ cells were cells with brown membranous staining and red cytoplasmic staining. CD44^−^/CD24^−^ cells exhibited no staining. A tumor was categorized with the CD44^+^/CD24^−^ phenotype only when the proportion of CD44^+^/CD24^−^ cells was \>10%, and the CD44^−^/CD24^+^ and CD44^+^/CD24^+^ phenotypes were categorized in the same way. Tumors were defined as exhibiting the CD44^−^/CD24^−^ phenotype when none of the three types of positive cells (CD44^+^/CD24^−^, CD44^−^/CD24^+^ and CD44^+^/CD24^+^ cells) reached a proportion of \>10%. In addition, if two (12.4%) or three (6.9%) cell types reached a proportion of \>10% in one field of view, they were categorized in accordance with the predominant cell type.

### Statistical analysis

Associations between CD44/CD24 status and clinical characteristics were assessed using Fisher\'s exact test and the χ^2^ test for categorical variables. The Kaplan-Meier method was used to calculate DFS and OS curves, and the log-rank test was performed to assess changes in the relative risk of events according to prognostic factors in univariate analysis. In addition, the Cox proportional hazards regression model was used for multivariate analyses to estimate prognostic value \[hazard ratios (HRs) and 95% confidence intervals (CIs)\] for the two main study outcomes, DFS and OS. All tests were two-sided and P\<0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using SPSS version 19.0 (IBM SPSS, Armonk, NY, USA).

Results
=======

### Baseline clinical characteristics

A total of 145 patients were enrolled in the present study with a median follow-up time of 76 months, and their baseline clinical characteristics are listed in [Table I](#tI-ol-0-0-6959){ref-type="table"}. The median times for DFS and OS were 67 and 71 months, respectively. A total of 39 patients (26.9%) had suffered recurrence or metastasis and 35 patients (24.1%) had succumbed by the end of follow-up. Overall, lymph node metastasis was recorded in 51.7% of cases, of which 23.4% had 1--3 lymph nodes involved and 28.3% had ≥4 lymph nodes involved. The predominant chemotherapy regimens included derivative regimens of CAF, such as CAF, CEF, CTF or IEF (n=53), and regimens including taxanes, such as TE, TC or TAC (n=43), which accounted for 96 (80.7%) of the 119 patients who underwent adjuvant chemotherapy.

### Immunohistochemical expression of the biomarkers

As shown in [Table II](#tII-ol-0-0-6959){ref-type="table"}, 92.4% of cases exhibited a Ki-67 proliferative index \>0%, of which 26.9% exhibited an index of 1--10%, 24.8% an index of 11--50% and 40.7% an index of 51--100%. The p53 and BRCA1 mutation carriers accounted for 37.2 and 24.1%, respectively. Immunophenotyping showed that AR was expressed in 11.7% (17/145) of the tumors, and vimentin in 44.1% (64/145). In this group, EGFR and CK5/6 expression was observed in 15.2 and 31.7% of 145 TNBCs, respectively. In addition, 57 tumors (39.3%) were classified as basal-like subtype, and 52 tumors (35.9%) were grade 3+ for ALDH1 staining ([Fig. 1](#f1-ol-0-0-6959){ref-type="fig"}).

### Immunohistochemical expression of CD44 and CD24

The presence of CD44 and CD24 antigens was analyzed in human breast cancer tissues using double-staining immunohistochemistry. The CD44 and CD24 expression was successfully determined in 145 cases. [Fig. 2](#f2-ol-0-0-6959){ref-type="fig"} shows representative staining patterns of various breast tumors. CD44 was identified as brown mainly in the membranous staining and CD24 was identified as red mainly in the cytoplasmic and membranous staining. In addition, to investigate the association between CD44/CD24 status and patient survival, tumors were classified according to the percentage of cells with different CD44 and CD24 expression, which resulted in four phenotypic groups: CD44^−^/CD24^−^ (43.4%; 63/145), CD44^+^/CD24^−^ (30.3%; 44/145), CD44^+^/CD24^+^ (3.4%; 5/145) and CD44^−^/CD24^+^ (22.8%; 33/145) ([Table III](#tIII-ol-0-0-6959){ref-type="table"}). According to the classification, it was inferred that the CD44^−^/CD24^−^ and CD44^+^/CD24^−^ phenotypes accounted for the majority of TNBC cases. In the survival analyses, patients with the CD44^+^/CD24^−^ phenotype had a significantly worse prognosis (P=0.005).

### Association between CD44/CD24 phenotypes and other clinical characteristics

The distribution of different CD44/CD24 phenotypes (CD44^−^/CD24^−^, CD44^+^/CD24^−^, CD44^+^/CD24^+^ and CD44^−^/CD24^+^) was calculated in [Table IV](#tIV-ol-0-0-6959){ref-type="table"}. The χ^2^ test identified the following factors to be associated with CD44/CD24 status: Pathology, AR status and vimentin. All four phenotypes appeared to be mainly invasive ductal carcinoma. In addition, the CD44^−^/CD24^−^ phenotype contained a comparable amount of invasive lobular carcinoma (P=0.011). The CD44^+^/CD24^−^ phenotype exhibited increased AR expression (25%) compared with the other three groups (P=0.022). CD44^−^/CD24^+^ tumors mostly expressed vimentin protein (75.8%; P\<0.0001). In addition, CD44^+^/CD24^−^ cases were more commonly scored as ALDH1 staining grade 3+ tumors when compared with CD44^−^/CD24^+^ cases, however, this difference was not statistically significant (50.0 vs. 30.3%, respectively; P=0.378).

### DFS analysis

For the prognostic evaluations, adjusted multivariable Cox regression analyses were performed and listed in [Table V](#tV-ol-0-0-6959){ref-type="table"}. In the analysis of CD44/CD24 status, patients with the CD44^+^/CD24^−^ subtype possessed a slightly increased risk of recurrence or metastasis compared with patients with CD44^−^/CD24^−^ phenotype, adjusting for confounders. The estimated HR for CD44^+^/CD24^−^ subtype in CD44/CD24 status was 2.38 (95% CI, 0.90--6.33; P=0.081). No association was observed between the CD44^+^/CD24^+^ phenotype and DFS, nor between CD44^−^/CD24^+^ status and DFS, with estimated HRs being 0.38 (95% CI, 0.03--4.44; P=0.438) and 0.59 (95% CI, 0.18--1.98; P=0.393), respectively.

Notably, lymph node metastasis was associated with DFS in multivariable analysis (P=0.004; [Fig. 3A](#f3-ol-0-0-6959){ref-type="fig"}). In the cohort, it was observed that patients with derivative regimens of CAF had a poor prognosis (P=0.024), while regimens including taxanes were associated with a shorter DFS time (P=0.001). Subsequently, additional analyses of data revealed that the majority of patients with ≥4 lymph nodes received regimens including taxanes. In addition, it was observed that patients with vimentin-positive tumors had a poor prognosis (P=0.005).

No significant associations were observed between DFS and tumor size, pathology, radiotherapy, Ki-67, p53, AR, BRCA1, basal-like or ALDH1.

### OS analysis

The number of lymph nodes involved was strongly associated with OS in multivariable analyses, with an estimated HR for ≥4 lymph nodes of 12.90 (P\<0.0001; [Fig. 3B](#f3-ol-0-0-6959){ref-type="fig"}).

The roles of CD44/CD24 status and ALDH1 were assessed using multivariable Cox regression analyses in OS ([Table V](#tV-ol-0-0-6959){ref-type="table"}). Notably, for patients with a CD44^+^/CD24^−^ phenotype, risk of mortality was statistically significantly increased compared with patients with CD44^−^/CD24^−^ phenotype (P=0.005; [Fig. 4A](#f4-ol-0-0-6959){ref-type="fig"}). The estimated HR for CD44^+^/CD24^−^ subtype in CD44/CD24 status was 4.38 (95% CI, 1.57--12.18). Furthermore, no association was observed between CD44^+^/CD24^+^ phenotype and OS, with the estimated HR being 0.89 (95% CI, 0.09--8.99; P=0.920). Although the HR was increased for the CD44^−^/CD24^+^ phenotype compared with the CD44^−^/CD24^−^ subtype, this difference was not statistically significant (HR, 1.24; 95% CI, 0.38--4.01; P=0.722). In this adjusted multivariable analysis, no significant association was observed between ALDH1 and OS in the TNBC cohort. However, the Kaplan-Meier curves of different levels of ALDH1 did separate and the survival of patients with ALDH1 grade 3+ was inferior to those of patients with grade 0, 1+ or 2+ (P=0.571; [Fig. 4B](#f4-ol-0-0-6959){ref-type="fig"}). In general, ALDH1 overexpression could be a disadvantage for the survival of patients.

In addition, there was a trend toward an inferior OS for patients with basal-like tumors vs. non-basal-like tumors (P=0.013; [Fig. 4C](#f4-ol-0-0-6959){ref-type="fig"}) ([Table V](#tV-ol-0-0-6959){ref-type="table"}). Similarly, no significant difference was observed between OS and clinical characteristics, including tumor size, pathology, radiotherapy, chemotherapy, Ki-67, p53, AR, vimentin or BRCA1.

Discussion
==========

Breast carcinoma is recognized as a heterogeneous disease and presents with distinct histopathological features and clinical behaviors, and a variety of outcomes ([@b22-ol-0-0-6959]). TNBC is a unique type of breast cancer with a poor prognosis ([@b2-ol-0-0-6959]). Cancer stem cells are more abundant in TNBC tumor tissues and perform important roles in the recurrence and metastasis of TNBC ([@b6-ol-0-0-6959],[@b14-ol-0-0-6959]). Although several studies have shown that large percentages of CD44^+^/CD24^−^ cells or ALDH1^+^ cells remain in TNBC ([@b18-ol-0-0-6959],[@b23-ol-0-0-6959]--[@b25-ol-0-0-6959]), the importance of the role of these cancer stem cell subpopulations with regard to the prognosis of patients has not been clearly understood. The present study investigated the association between CD44/CD24 phenotypes and the ALDH1 expression and survival of patients with TNBC following surgical therapy.

Previously, a number of studies ([@b13-ol-0-0-6959],[@b26-ol-0-0-6959]) demonstrated that the expression of TNBC antigens, including C-X-C chemokine receptor type 4 and octamer-binding transcription factor 4, are most prevalent in CD44^+^/CD24^−^ cells, and may promote the epithelial-mesenchymal transition of the CD44^+^/CD24^−^ phenotype, facilitating breast cancer recurrence or metastasis. In addition, breast cancer cell lines with a prevalence of CD44^+^/CD24^−^ cells have a higher potential than others to invade Matrigel *in vitro* and a high metastatic ability *in vivo* in the lymph node microenvironment and in distant metastasis ([@b27-ol-0-0-6959]). Furthermore, in a cohort of 50 patients with TNBC, Idowu *et al* ([@b24-ol-0-0-6959]) reported that the tumor tissues with CD44^+^/CD24^−^ were more likely to have a high Ki-67 proliferation index and be associated with a poor clinical outcome. Other breast cancer specimens in which single staining detected the expression of CD44 and CD24, it was clarified that the tumor tissues with the CD44^+^/CD24^−^ subtype had a higher median vascular density compared with that in those tissues with the CD44^−^/CD24^−^ phenotype; OS analysis of this study showed that patients with the CD44^+^/CD24^−^ phenotype may have an unfavorable prognosis ([@b23-ol-0-0-6959]).

In the present study, the expression of CD24 and CD44 was examined using immunohistochemical double-staining. Results certified that the double-staining pattern did not interfere with the accurate expression of CD44 and CD24, and it could also locate cells with different expression profiles individually. The percentages of four types of cancer cells (CD44^−^/CD24^−^, CD44^+^/CD24^−^, CD44^+^/CD24^+^ and CD44^−^/CD24^+^) in tumors were counted following double-staining immunohistochemistry, and each tumor was defined by the presence of the predominant cell type. No association was observed between DFS and the CD44^+^/CD24^−^ phenotype, however, OS analysis showed that patients with the CD44^+^/CD24^−^ phenotype experienced a significantly shorter survival time compared with patients with other phenotypes. The CD44^+^/CD24^−^ cell population has been associated with a poor prognosis ([@b28-ol-0-0-6959]), although not in all relevant studies. In a similar study ([@b29-ol-0-0-6959]), Ezrin and CD44 protein co-expression, which was detected with immunofluorescence double-staining, was shown to be associated with a poor disease-specific survival time in 726 breast cancer patients. In addition, according to the present data from Kaplan-Meier curves of estimated DFS and OS, the CD44^−^/CD24^+^ phenotype in TNBC may also be associated with a trend for an increased risk of recurrence or mortality when compared with the CD44^−^/CD24^−^ phenotype, although this did not reach statistical significance. A previous study from Ahmed *et al* ([@b30-ol-0-0-6959]) demonstrated that the CD44^−^/CD24^+^ phenotype was significantly associated with shorter metastasis-free survival time and decreased 10-year breast cancer survival rate. In the study by Mylona *et al* ([@b31-ol-0-0-6959]), the CD44^−^/CD24^+^ phenotype emerged as a poor prognostic indicator, at least within the group of grade 2 tumors.

Furthermore, ALDH1 is another key cell surface marker isolating the cancer stem cell subpopulation. Charafe-Jauffret *et al* ([@b32-ol-0-0-6959]) found that the aggressive and metastatic behaviors of inflammatory breast cancer are mediated by ALDH1^+^ breast cancer stem cells in mouse xenograft models. In another study involving 577 breast carcinomas, the expression of ALDH1, as defined by immunohistochemistry staining, was significantly associated with a poor clinical outcome ([@b9-ol-0-0-6959]). In the present study, DFS and OS analyses showed that the survival curve of ALDH1 grade 3+ was inferior to those of grade 0, 1+ or 2+, although the analysis did not reach statistical significance.

In our OS analyses, patients with a basal-like subtype have been more likely to experience shorter OS times. The basal-like breast cancer, which is mostly comprised of TNBCs, is positive for CK5/6 and/or EGFR, and is particularly common in BRCA1 hereditary tumors ([@b17-ol-0-0-6959]). Moestue *et al* ([@b33-ol-0-0-6959]) observed that basal-like xenografts exhibited significantly higher phosphatidylinositol 3-kinase pathway activity than luminal-like xenografts in animal models of breast cancer; i.e., basal-like tumors exhibited worse prognoses compared with luminal-like tumors.

In the present cohort, the involvement of ≥4 lymph nodes has been associated with an increased risk of recurrence and mortality in patients with TNBC. In a cohort of 1,711 patients with the TNBC subtype, Hernandez-Aya *et al* ([@b16-ol-0-0-6959]) found that when comparing node-negative and node-positive patients, there was a significant difference in relapse-free survival.

In summary, the present study reported that the CD44/CD24 phenotype evaluated by double staining immunohistochemistry constitutes an independent prognostic factor for TNBC. Patients with TNBC with the CD44^+^/CD24^−^ phenotype exhibit a significantly worse prognosis. Additional studies are required to investigate the molecular mechanism of the aggressive behaviors of cancer stem cells and guide clinical treatment for TNBC.
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![Immunohistochemical staining of p53, vimentin, EGFR, CK5/6 and ALDH1 in triple-negative breast cancer tumor tissues. Magnification, ×400. EGFR, epidermal growth factor receptor; ALDH1, aldehyde dehydrogenase 1; CK5/6, cytokeratin 5/6.](ol-14-05-5890-g00){#f1-ol-0-0-6959}

![Representative immunohistochemical double-staining patterns of four CD44/CD24 phenotypes in triple-negative breast cancer tissues. CD44 (brown) exhibited homogenous membranous distribution, and CD24 (red) showed membranous and cytoplasmic immunoreactivity. (A) A tumor representing the CD44^−^/CD24^−^ phenotype. (B) The predominant cells are CD44^+^/CD24^−^ cells, only a few cells are CD44^+^/CD24^+^ (black arrow). (C) A tumor tissue considered as representing the CD44^+^/CD24^+^ phenotype. (D) Almost all cells in this tumor are CD44^−^/CD24^+^ cells. Magnification, ×400. CD, cluster of differentiation.](ol-14-05-5890-g01){#f2-ol-0-0-6959}

![Prognostic value of the number of lymph nodes involved in triple-negative breast cancer. Kaplan-Meier curves of estimated (A) DFS and (B) OS with regard to lymph node involvement. DFS, disease-free survival; OS, overall-survival.](ol-14-05-5890-g02){#f3-ol-0-0-6959}

![Prognostic value of the main clinical and tissue characteristics in triple-negative breast cancer. Kaplan-Meier curves of estimated OS for (A) CD44/CD24 status (B) ALDH1 and (C) basal-like. OS, overall survival; CD, cluster of differentiation; ALDH1, aldehyde dehydrogenase 1.](ol-14-05-5890-g03){#f4-ol-0-0-6959}

###### 

Baseline clinical characteristics of triple-negative breast cancer.

  Characteristics                  Patients, n (%)
  -------------------------------- -----------------
  Age at diagnosis, years          
    \<40                           19 (13.1)
    40--49                         53 (36.6)
    50--59                         48 (33.1)
    ≥60                            25 (17.2)
  Menopausal status                
    Premenopausal                  71 (49.0)
    Postmenopausal                 74 (51.0)
  Tumor size, cm                   
    ≤2                             37 (25.5)
    2--5                           96 (66.2)
    \>5                            12 (8.3)
  Number of lymph nodes involved   
    0                              70 (48.3)
    1--3                           34 (23.4)
    ≥4                             41 (28.3)
  Pathology                        
    Intraductal carcinoma          4 (2.8)
    Invasive ductal carcinoma      132 (91.0)
    Invasive lobular carcinoma     4 (2.8)
    Other types                    5 (3.4)
  Radiotherapy                     
    No                             125 (86.2)
    Yes                            20 (13.8)
  Chemotherapy                     
    No chemotherapy                26 (17.9)
    Derivative regimens of CAF     53 (36.6)
    (CAF, CEF, CTF or IEF)         
    Regimens including taxanes     43 (29.7)
    (TE, TC or TAC)                
    Other regimens                 23 (15.9)

CAF, cyclophosphamide, adriamycin and fluorouracil; CEF, cyclophosphamide, epirubicin and fluorouracil; CTF, cyclophosphamide, pirarubicin and fluorouracil; IEF, ifosfamide, epirubicin and fluorouracil; TE, paclitaxel or docetaxel and epirubicin; TC, docetaxel and cyclophosphamide; TAC, docetaxel, adriamycin and cyclophosphamide.

###### 

Overview of the biomarkers of triple-negative breast cancer.

  Characteristics                       Patients, n (%)
  ------------------------------------- -----------------
  Ki-67 expression, %                   
    0                                   11 (7.6)
    1--10                               39 (26.9)
    11--50                              36 (24.8)
    51--100                             59 (40.7)
  p53                                   
    Negative                            91 (62.8)
    Positive                            54 (37.2)
  Androgen receptor                     
    Negative                            128 (88.3)
    Positive                            17 (11.7)
  Vimentin                              
    Negative                            81 (55.9)
    Positive                            64 (44.1)
  Breast cancer susceptibility gene 1   
    Negative                            110 (75.9)
    Positive                            35 (24.1)
  EGFR                                  
    Negative                            123 (84.8)
    Positive                            22 (15.2)
  CK5/6                                 
    Negative                            99 (68.3)
    Positive                            46 (31.7)
  Basal-like                            
    EGFR and CK5/6 negative             88 (60.7)
    EGFR or CK5/6 positive              57 (39.3)
  Aldehyde dehydrogenase 1              
    Grade 0                             45 (31.0)
    Grade 1+                            20 (13.8)
    Grade 2+                            28 (19.3)
    Grade 3+                            52 (35.9)

EGFR, epidermal growth factor receptor; CK5/6, cytokeratin 5/6.

###### 

Number and percentage of the different CD44/CD24 phenotypes.

  Characteristics     Patients, n (%)
  ------------------- -----------------
  CD44/CD24 status    
    CD44^−^/CD24^−^   63 (43.4)
    CD44^+^/CD24^−^   44 (30.3)
    CD44^+^/CD24^+^   5 (3.4)
    CD44^−^/CD24^+^   33 (22.8)

CD, cluster of differentiation.

###### 

Correlation of CD44/CD24 status with pathology, androgen receptor and vimentin.

                                 CD44/CD24 status, n (%)                                       
  ------------------------------ ------------------------- ----------- ----------- ----------- -------
  Pathology                                                                                    0.011
    Intraductal carcinoma        0 (0.0)                   4 (9.1)     0 (0.0)     0 (0.0)     
    Invasive ductal carcinoma    61 (96.8)                 37 (84.1)   4 (80.0)    30 (90.9)   
    Invasive lobular carcinoma   2 (3.2)                   1 (2.3)     1 (20.0)    0 (0.0)     
    Other types                  0 (0.0)                   2 (4.5)     0 (0.0)     3 (9.1)     
  Androgen receptor                                                                            0.022
    Negative                     59 (93.7)                 33 (75.0)   5 (100.0)   31 (93.9)   
    Positive                     4 (6.3)                   11 (25.0)   0 (0.0)     2 (6.1)     
  Vimentin                                                                                     0.000
    Negative                     38 (60.3)                 32 (72.7)   3 (60.0)    8 (24.2)    
    Positive                     25 (39.7)                 12 (27.3)   2 (40.0)    25 (75.8)   
  Aldehyde dehydrogenase 1                                                                     0.378
    Grade 0                      23 (36.5)                 8 (18.2)    2 (40.0)    12 (36.4)   
    Grade 1+                     7 (11.1)                  6 (13.6)    1 (20.0)    6 (18.2)    
    Grade 2+                     14 (22.2)                 8 (18.2)    1 (20.0)    5 (15.2)    
    Grade 3+                     19 (30.2)                 22 (50.0)   1 (20.0)    10 (30.3)   

CD, cluster of differentiation.

###### 

Multivariate cox-regression analyses of prognosis factors with DFS and OS.

                                   DFS     OS                                          
  -------------------------------- ------- ------------- ------- ------- ------------- -------
  Number of lymph nodes involved                                                       
    0                              1.00                          1.00                  
    1--3                           0.96    0.28--3.27    0.949   1.75    0.54--5.71    0.353
    ≥4                             5.79    1.73--19.32   0.004   12.90   3.57--46.59   0.000
  Chemotherapy                                                                         
    No chemotherapy                1.00                          1.00                  
    Derivative regimens of CAF     6.00    1.26--28.46   0.024   1.36    0.31--5.92    0.681
  (CAF, CEF, CTF or IEF)                                                               
    Regimens including taxanes     11.11   2.61--47.39   0.001   1.84    0.54--6.20    0.328
  (TE, TC or TAC)                                                                      
    Other regimens                 2.18    0.46--10.44   0.329   0.28    0.05--1.64    0.158
  Vimentin                                                                             
    Negative                       1.00                          1.00                  
    Positive                       4.15    1.53--11.28   0.005   2.88    0.96--8.61    0.059
  Basal-like                                                                           
    EGFR and CK5/6 negative        1.00                          1.00                  
    EGFR or CK5/6 positive         1.96    0.78--4.93    0.151   3.17    1.28--7.82    0.013
  Aldehyde dehydrogenase 1                                                             
    Grade 0                        1.00                          1.00                  
    Grade 1+                       0.61    0.14--2.58    0.605   0.57    0.11--2.87    0.492
    Grade 2+                       0.33    0.09--1.23    0.329   0.44    0.10--1.94    0.279
    Grade 3+                       1.30    0.42--4.06    1.298   1.40    0.44--4.43    0.571
  CD44/CD24 status                                                                     
    CD44^−^/CD24^−^                1.00                          1.00                  
    CD44^+^/CD24^−^                2.38    0.90--6.33    0.081   4.38    1.57--12.18   0.005
    CD44^+^/CD24^+^                0.38    0.03--4.44    0.438   0.89    0.09--8.99    0.920
    CD44^−^/CD24^+^                0.59    0.18--1.98    0.393   1.24    0.38--4.01    0.722

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; EGFR, epidermal growth factor receptor; CD, cluster of differentiation; CK5/6, cytokeratin 5/6; CAF, cyclophosphamide, adriamycin and fluorouracil; CEF, cyclophosphamide, epirubicin and fluorouracil; CTF, cyclophosphamide, pirarubicin and fluorouracil; IEF, ifosfamide, epirubicin and fluorouracil; TE, paclitaxel or docetaxel and epirubicin; TC, docetaxel and cyclophosphamide; TAC, docetaxel, adriamycin and cyclophosphamide.

P\<0.05 was considered to indicate a statistically significant difference.

[^1]: Contributed equally
